
Assessment Panel Review Assessment Panel Review -- FY02FY02Polymers
Materials Science and Engineering

Polymers Division:
Multivariant 
Measurement Methods

• Overview

• NCMC / Informatics

• Formulations / Fluidics

• Adhesion & Mech. Prop.

• Future Directions



Project Objectives

• Adhesion: Develop multivariable methodologies to probe the 
adhesive strength at polymeric interfaces.  To continue establishing 
our expertise in combinatorial adhesion tests.

• Modulus: To pursue our measurement method (SIEBIMM) for 
determining the mechanical properties of polymer thin films, with 
emphasis initially on scientific discovery as well as customer 
application.

• Held NCMC Workshop on Combinatorial Adhesion & Mechanical 
Properties (October 2002).
– Dissemination
– Information gathering / strategic direction

• Major Customers:
– Adhesion: 3M, Rohm & Haas, Air Products
– SIEBIMM: IBM, Dow, academics



Project Overviews

• Publications & Patents:
– Patent application, Invention: Method for Combinatorially

Measuring Adhesion Strength, submitted 6/02.
– A.J. Crosby, A. Karim, E.J. Amis, "Combinatorial Investigations of 

Interfacial Failure", J. Polym. Sci. B: Polym. Phys., accepted.
– Song R., et al. “Combinatorial approaches to thin film adhesion as 

a function of film thickness and surface energy," in prep.
– Song R., et al. “Combinatorial measurements on the adhesion of 

PMMA ultrathin films," in prep.
– Harrison, C., Stafford, C.M., Beers, K.L., Amis, E., Karim, A.; 

“Strain Induced Elastomer Buckling Instability for Mechanical 
Measurements”, in prep.



Adhesion Overview

• Adhesion is a complex phenomenon – critical area of material science.
• Adhesives are some of the most highly engineered materials – yet some of 

the least understood.
• Knowledge generation is pivotal to future success of adhesives.

• Adhesive
• chemistry
• architecture
• additives
• tackifiers
• processing

• Forces
• van der Waals
• entanglements
• covalent bonds
• viscoelasticity (dissipative)

• Substrate
• composition
• surface energy
• roughness
• chemistry
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Combinatorial Peel Tests

• Industrial Standard – 180o Peel Test (ASTM D903-98)
• Single sample with given set of processing parameters
• Introduce combinatorial sample design and apply to peel test
• Experiments were in parallel with finite element analysis simulations.

- casting solvent - annealing history - surface chemistry

Song R., et al. “Combinatorial approaches to thin film adhesion as a function 
of film thickness and surface energy," in prep.
Song R., et al. “Combinatorial measurements on the adhesion of PMMA 
ultrathin films," in prep.
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Combinatorial JKR Adhesion Tests

• Traditional
– Single lens
– Load, contact area 

measured
– Work of adhesion, 

modulus determined

• Multiple microlenses
– Array of 1600 lenses 

covering 1 cm2

– The resolution provided 
with this array is smaller 
than required by the 
typical sample gradient.

• Multiple microlenses
– Array of 324 larger lenses 

covering 3.25 cm2

– The lens size is better 
suited to the typical 
sample gradient.
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Pressure Sensitive Adhesives

0 min UV 2 min UV

5 min UV 10 min UV

Irreversible Viscoelastic Deformation



Epoxy Curing on Temperature Gradient

The initiation temperature to cure the epoxy resin is evident through hysteresis in the 
loading and unloading cycles.
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Design of Experiments
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A representative surface map is created by following 
the Preferential Testing Path.

Adhesion is measured across the sample in a 
few areas (yellow spots).  

• A mismatch exists between the size of the lens array and the gradient library.
• Potential data overload exists if the whole gradient library is evaluated.
• The design of experiments approach reduces the number of experiments 

through statistical evaluation of the gradient library to determine the most 
efficient testing path.



DEX with PDMS

• An array of wells are created utilizing bench-top lithography.
• These wells serve as casting basins for creating discrete samples for 

adhesion analysis of a non-continuous gradient.
• Paves the way for multidimensional (>2) parameter space which is pivotal 

for industrial adhesives and formulations.
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Adhesion to Rough Surfaces

• All surfaces are rough
• The scale of surface roughness 

can either promote or prevent 
adhesion.

• NIST is interested in quantifying 
the influence of model rough 
surfaces or roughness standards 
on adhesion.

machined/milled

Processed surfaces are more
industrially relevant surfaces.

P P

Sinusoidal surfaces are great for 
comparing to theoretical models.

shot-blasted



HT Modulus of Polymer Films

• There is a growing need for test methods that can measure the 
mechanical properties (modulus, viscoelasticity, plastic deformation) of 
thin films.

• We have developed a simple, high-throughput technique that exploits a 
buckling instability that results from compression of a laminate.

• Wavelength can be related to material 
properties such as modulus.
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HT Modulus of Polymer Films
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• Currently working with IBM and Dow on 
characterizing porous low-k materials.
• Also exploring clay nanocomposites and 
branched polymers.



Project Members

Team SIEBIMM: Team CAD:

Team MCAT:
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